Study Objectives: Maternal and infant sleep are significant health concerns for postpartum families. The results of previously published studies have indicated that behavioral-educational strategies promote infant sleep, but these reports relied on parental report and did not include maternal sleep. This pilot study of a maternal-infant sleep intervention evaluated feasibility, acceptability, and effects on sleep and other outcomes in the early postpartum period. Design: Randomized controlled trial with concealed-group allocation. Setting: Hospital postpartum unit with home follow-up. Participants: First-time mothers and their infants randomly assigned to sleep intervention (n = 15) or control group (n = 15).
INTRODUCTION

SLEEP IS DIFFICULT TO ACHIEVE, YET IS CRITICALLY IMPORTANT FOR POSTPARTUM FAMILIES. CARING FOR
A NEWBORN, WHOSE SLEEP IS DISTRIBUTED ACROSS a 24-hour day and who has frequent nighttime awakenings, means that postpartum women experience sleep deprivation, sleep fragmentation, 1,2 and significant fatigue. 1, [3] [4] [5] These alterations to normal adult sleep are particularly pronounced for first-time mothers, 6 perhaps due to learning infant care strategies for the first time and adjusting to the maternal role. Infant sleep also presents a challenge; up to 35% of parents report difficulty managing their infant's night waking or settling, [7] [8] [9] [10] [11] and there is evidence that infant sleep problems persist into later childhood if not treated. [12] [13] [14] Clearly, prevention of sleep problems is preferable to treatment of the sequelae of sleep loss and fragmentation.
Four randomized controlled trials have examined the effects of behavioral-educational interventions aimed at promoting infant sleep in the early postpartum period. [15] [16] [17] [18] These studies provided information related to infant sleep and suggested strategies aimed at limiting interactions that could lead to unwanted sleep associations, increasing the infant's self-soothing ability, and facilitating day-night entrainment. Although these studies found longer, more consolidated sleep periods for those infants who received the experimental intervention, none of the trials offered strategies for improving maternal sleep and none examined the effects of the intervention on maternal sleep or other outcomes. Furthermore, none of these studies used objective measures of sleep to examine infant sleep outcomes. Objective measures are essential to reliable and valid reports of infant sleep patterns. 19 Interventions that could improve maternal sleep include sleep hygiene strategies, relaxation techniques, 20 development of appropriate expectations related to maternal and infant sleep, and planning to maximize sleep and rest opportunities. Discussion of the challenges of parenting, particularly while sleep deprived, and acknowledgement of the high fatigue level of parenting work may support women in the postpartum period and modulate women's emotional responses to sleep disruption and fatigue. 21 Given that maternal and infant sleep are affected by environmental and social cues and that a mother's sleep is affected by her infant's sleep, it seems important that interventions should reflect multiple influences and provide information, strategies, and encouragement to promote sleep for both mother and infant.
In preparation for a larger, multicenter randomized, controlled trial, a pilot study was conducted to evaluate a multimodal, behavioral-educational maternal-infant sleep intervention with primiparous women in the early postpartum. The TIPS (Tips for Infant and Parent Sleep) pilot study evaluated the acceptability and feasibility of various elements central to randomized, controlled trial methods and was designed to obtain sample size and outcome estimates for the planned, multicenter randomized, controlled trial. The TIPS pilot study also investigated the effect of the intervention on infant sleep and maternal sleep, anxiety, depression, and fatigue.
METHODS
Setting and Participants
Over a 6-week period (September to November 2005), the postpartum unit of a Level III, university-affiliated hospital participated in the study. A maximum of 6 randomizations per week were possible due to the number of actigraphs available, and, because this was a pilot study, recruitment was limited to 6 weeks. Research ethics board approval was obtained prior to commencing the study. Eligible women were those who: had a healthy singleton baby born at gestational age of at least 37 weeks; were first-time mothers, either single or partnered; lived in the greater Toronto area; and were planning to provide fulltime care to their infant for at least the first 6 weeks after discharge home. Families were excluded from participation if the mother or infant had complications requiring prolonged hospital stay, either parent had experienced a previous stillbirth or neonatal death, the mother had a chronic illness that was poorly controlled, the mother used medications that affected sleep, either parent had known drug or alcohol use beyond social use, either parent had a diagnosed sleep disorder, the mother's partner worked night shifts, the mother was unable to read or understand English, or there was no telephone in the home.
Study Procedures
Consenting women had baseline data (e.g., birth weight, gestational age, mode of delivery, feeding method) collected from their medical records. Women also filled out a brief questionnaire related to intentions to bed share and room share. Although feeding method and bed sharing have effects on maternal and infant sleep, these were not used as stratification variables because many conversions to bottle feeding and sharing the bed with an infant are reactive responses to challenges with feeding or settling the infant. Similarly, mode of delivery may affect fatigue in the very early postpartum, but these differences do not appear to persist beyond 3 to 4 weeks, 22 so this variable was not used for stratification. Women also answered questions related to anxiety, depression, and sleep disturbance.
A computer-generated random-number sequence was held by a research associate outside of the immediate research team; women were randomly assigned by paging this centrally controlled randomization service. Randomization occurred as soon as possible after delivery and only if the study nurse was available to deliver the in-hospital component of the assigned intervention. Because this was a small pilot study, there was only 1 study nurse, who had worked as a postpartum nurse and who had received extra training in providing sleep advice to parents. The study nurse provided both the sleep intervention and control interventions.
Sleep Intervention Group
The sleep intervention included a 45-minute, 1-to-1 meeting in which mother and baby sleep issues and strategies to improve both were discussed and support and encouragement around the woman's ability to achieve good sleep for herself and her infant were given. The mother's partner or other support persons attended the session if they happened to be in the room but were not required to be present. The mother also received an 11-page booklet elaborating on the information discussed, and she was encouraged to refer to the booklet during the first few weeks at home. The aim of the session was to provide the mother with knowledge, skills, and encouragement to address sleep issues in the postpartum period. Topics covered in the session and booklet included maternal sleep hygiene, strategies for increasing maternal sleep, maternal relaxation techniques (e.g., progressive muscle relaxation, deep breathing), acknowledgement of the challenges of parenting and sleep deprivation, information on infant sleep structure and interpreting infant cues, strategies for infant sleep promotion, and strategies for promoting infant night-day entrainment and selfsoothing.
During the session, participants were encouraged to express values and opinions and were helped to recognize barriers to implementing the new sleep information. Strategies were tailored to work within or overcome such barriers and to fit with each woman's beliefs, interests, and lifestyle. For example, women who reported difficulty with or dislike of napping during the day were encouraged to use other ways of increasing total daily sleep time, such as going to bed earlier than usual if the partner was home to look after the baby. The advice given to the sleep intervention group aimed to be culturally sensitive and to respect individual family choices related to infant care, such as room sharing, bed sharing, and infant feeding. The approach in the sleep intervention was to accept these individual family choices, avoid assumptions related to infant care (e.g., that the infant sleep in his or her own room in a crib), and allow for multiple approaches to maternal and infant sleep practices. Mothers were contacted by phone each week (weeks 1-5 after hospital discharge) by the study nurse to reinforce the information given, answer questions, and help the mother to problem solve any sleep difficulties she and her infant were facing. Mothers also had access to the study nurse's phone number at the research unit; when the study nurse attempted to reach the mother by phone at home, voice mail messages were often left, and the mothers were then able to return the study nurse's call.
Control Group
Women assigned to the control group received a brief meeting with the study nurse during which only maternal sleep hygiene (e.g., avoidance of caffeine, keeping bedroom cool, dark, and quiet) and basic information about infant sleep (e.g., number of hours a day newborns sleep) was conveyed in a 10-minute meeting. Women received a 1-page pamphlet with this information and a phone call from the study nurse at weeks 3 and 5; these phone calls served to maintain contact, with the aim of increasing compliance with completion of outcome measures at 6 weeks. The study nurse inquired about the woman's and her baby's wellbeing but did not offer any advice or support related to maternal or infant sleep. If women asked the study nurse for information related to sleep, the study nurse responded that she was unable to provide such information.
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Both Groups
Mothers in both groups were visited in their homes by a research assistant, and actigraphy was performed for approximately 48 hours over 2 consecutive days and nights once the baby reached 6 weeks of age. To accommodate mothers' schedules and to avoid weekend monitoring, not all babies began monitoring at exactly 6 weeks of age, but all actigraphy was completed before 7 weeks of age were reached. The research assistants were not trained to provide any information on maternal or infant sleep. Each woman wore an Octagonal Basic Motionlogger ® (60 grams, Ambulatory Monitoring Inc., Ardsley, NY) actigraph on her nondominant wrist, and each infant wore a MicroMini-Motionlogger ® (25 grams, Ambulatory Monitoring Inc.) actigraph around an ankle, over a sock. The actigraph was water resistant but could not be worn while bathing or swimming.
Actigraphy provides an objective method of measuring sleepwake parameters in the subjects' usual environment. The actigraph detects and records continuous motion data by use of a battery-operated wristwatch-size microprocessor that senses motion with a piezoelectric linear accelerometer. These detected movements are translated into digital counts across investigatordesignated recording parameters (1-minute time intervals and 0-crossing mode were chosen); the digital counts are then stored in internal memory. Data from the actigraphs are downloaded to a computer using special interface units and then interpreted using autoscoring programs available from the actigraph manufacturer. Action4 software (Ambulatory Monitoring Inc.), which includes scoring algorithms for maternal (Cole-Kripke algorithm) and infant (Sadeh algorithm) data, was used. These algorithms assess the recorded activity for the previous 4 minutes and subsequent 2 minutes before making a determination of sleep or wake for each 1-minute interval. Thus, brief movements in the middle of sleep periods are recorded as sleep, and brief periods of no activity within time intervals of extensive wakeful movement are recorded as wake.
Each mother was asked to complete a sleep diary throughout the day and each morning and evening that she and her baby were wearing their actigraphs. The sleep diary asked for information such as bedtimes, wake times, nap times, and feeding times throughout the day, as well as morning and evening information related to fatigue and events relevant to use of the actigraph (e.g., was the actigraph taken off for any reason). Women were also asked to press the event marker on their actigraphs, to indicate when they attempted sleep and when they got up again. Sleep-diary data were used to support the actigraphy data. For example, the sleep diary was used to determine that periods of complete inactivity on the actigraph record corresponded to when the mother recorded that her own or her baby's actigraph was removed (e.g., for bathing).
Following the 2 days and nights of actigraphy and sleep-diary recording, women were again visited by a research assistant who asked them to complete a questionnaire, including ratings of satisfaction with the study, sleep strategies used, and measures of sleep disturbance, anxiety, and depression.
Masking
Given the large number of women delivering in the greater Toronto area and the wide geographic area this represents, women in the control group were unlikely to meet someone in their community who received information from the experimental group. Women were randomly assigned shortly before discharge, with little opportunity to share information with women assigned to the alternate group given the short time period they were in the hospital. To further limit the possibility of contamination, only 1 woman per room was enrolled at a time. It was not possible to achieve blinding of mothers, since the experimental intervention included providing the women with information, strategies, and guidance in implementing strategies to improve sleep. Through the informed consent, the control group knew that they were not receiving as much information related to maternal or infant sleep. Sleep data were collected by actigraphy, which is an objective measure of sleep and unlikely to be affected by disappointment with assignment. Actigraphy data were downloaded, and other self-report data from the women's sleep diaries and questionnaires were entered by a research assistant who was unaware of group allocation. Autoscoring sleep-analysis software (Action4) also further eliminated potential bias in determining sleep-wake times. Mothers read and responded to the 6-week questionnaires independently and sealed their responses in an envelope for transport to the research unit. In the 6-week questionnaires, women were asked what other sleep-information sources they used.
Outcome Measures
Maternal and infant sleep outcomes were determined by actigraphy at 6 weeks. There was no baseline measurement of maternal sleep in the immediate postpartum period. Effects of nighttime labor and delivery and the hospital setting prevent measurement of a baseline, and even late third-trimester sleep is disturbed compared with prepregnancy sleep. 6 Maternal sleep outcomes included nocturnal (9:00 PM-9:00 AM) sleep time, daytime (9:00 AM-9:00 PM) sleep time, longest nocturnal sleep period without waking, longest daytime sleep period without waking, 24-hour sleep time, wake time after sleep onset at night, and number of nocturnal awakenings. If women forgot to press the event marker on their actigraph to indicate when they tried to sleep and arose from sleeping, those times were manually entered from diary entries; wake time after sleep onset at night was calculated from these self-identified sleep and wake times. Women were also asked if they rated their or their infant's sleep as "a problem" and if the baby slept in the mother's bed at any time during the night. Infant sleep outcomes included nocturnal (9:00 PM-9:00 AM) sleep time, daytime (9:00 AM-9:00 PM) sleep time, longest nocturnal sleep period without waking, longest daytime sleep period without waking, 24-hour sleep time, and number of nocturnal awakenings. Actigraphy data for the 2 nights of sleep were averaged for nocturnal sleep outcomes because variables for the 2 nights were significantly correlated. Daytime sleep outcomes were determined from the second day of actigraphy (which provided a full 12 hours of daytime sleep for evaluation), and 24-hour sleep time was determined by adding hours of daytime sleep from the second day to hours of nocturnal sleep from the second night of actigraphy recording.
Maternal sleep disturbance was measured using the General Sleep Disturbance Scale at baseline and 6 weeks; the General Sleep Disturbance Scale is a 21-item scale that assesses subjective sleep disturbance over the past 7 days along a number of dimensions, including sleep initiation, sleep maintenance, perceived quality of sleep, and maintenance of wakefulness. 23 Women rated the frequency of difficulties in the past week along each dimension of sleep using an 8-point Likert scale from "not An Intervention to Promote Maternal and Infant Sleep-Stremler et al at all" to "everyday." Internal consistency for the scale is good (Cronbach α reliability coefficient = 0.88). The scale yields a total score ranging from 0 to 147, with higher scores indicating greater frequency of sleep disturbance. A cutoff score of 42 for the total scale distinguishes good and poor sleepers. 23 The General Sleep Disturbance Scale was selected over the Pittsburgh Sleep Quality Index, which asks about sleep during the past month and has no established validity or reliability with pregnant or postpartum women.
Morning and evening fatigue were measured by the Brief Fatigue Visual Analogue Scale at 6 weeks. 24 The 7-item version of the longer 18-item Fatigue Visual Analog Scale consists of 100-mm visual analog lines; the line anchors are adjectives that relate to level of perceived fatigue (e.g., not at all tired to extremely tired). This shorter version of the Fatigue Visual Analog Scale has good internal consistency reliability (Cronbach α coefficient = 0.94) 25 and has now been used in numerous studies of sleep in childbearing women. 1, 2, 26 Women completed this measure before going to sleep at night and upon awakening in the morning, along with their sleep diary during actigraphy data collection at 6 weeks.
To examine depressive symptoms, the Edinburgh Postnatal Depression Scale (EPDS), 27 a 10-item self-report instrument, was administered at baseline and 6 weeks. Items inquire about maternal mood in the past 7 days and are rated on a 4-point scale to produce a total score ranging from 0 to 30, with higher scores indicating lower maternal mood. The EPDS does not diagnose postpartum depression; rather, it is the most frequently used instrument to assess for postpartum depressive symptomatology. 28 The EPDS has been validated by standardized psychiatric interviews with large samples and has well-documented reliability and validity in more than 11 languages. 29 Although EPDS scores greater than 12 suggest the greatest risk for development of postpartum depression, we used the EPDS as a continuous measure of depressive symptomatology.
The 20-item self-report State-Trait Anxiety Inventory, stateanxiety subscale 30 was administered at baseline and 6 weeks to assess levels of relatively transient, situation-related (state) anxiety. Items are rated on a 4-point Likert-type scale to produce a total score ranging from 20 to 80, with higher scores indicating higher levels of state anxiety. The State-Trait Anxiety Inventorystate subscale has been used widely in pregnancy and postpartum studies, and anxiety has been consistently related to depressive symptomatology in new mothers. 28 In a study of an intervention to prevent postpartum depression, Cronbach α coefficients for the state-anxiety subscale at 12 and 16 weeks postpartum were 0.94 and 0.95, respectively. 31 
Statistical Methods
Data were entered into Microsoft Access ® 2002 (Microsoft Corporation, Redmond, WA) using double-data entry with builtin logic and range checks and analyzed in SAS Version 9.1 (SAS Institute Inc., Cary, NC). As per the "intention-to-treat" approach, data from all participants in the TIPS pilot study were included in the final analysis. Results are presented as frequencies and means, and the Type I error rate was set at .05 (2 sided) for statistical significance. Dichotomous variables (e.g., exclusive breastfeeding) were analyzed using a contingency table χ 2 . All continuous variables (e.g., sleep outcomes, depression scores) were analyzed using unpaired 2-sample t tests.
RESULTS
In 6 weeks of recruitment to the TIPS pilot study, 64 women and their infants were identified as eligible, and 30 provided consent and were randomly assigned. Many more randomizations could have occurred, but, because of the limited number of actigraphs available, a maximum of 6 families per week were randomly assigned. Of the 34 women who refused participation, 19 were simply not interested in being involved in a research study, 10 felt they were or would be too busy or overwhelmed to participate, 4 were about to be discharged from hospital and did not wish to delay their departure in order to receive the intervention, and 1 woman felt that she would receive adequate advice regarding sleep from family members.
Women in the TIPS pilot study were predominantly 30 years of age or older (83%), Caucasian (77%), partnered (100%), and university educated (93%). All women in the study were exclusively breastfeeding at enrollment; breastfeeding initiation rates in Toronto are over 90%. 32 Many women had experienced cesarean delivery (47%); this finding may be explained by longer length of stay for women with cesarean delivery and therefore more time for recruitment opportunity. The intervention and control groups 
Data are presented as number (percentage), unless otherwise indicated. GSDS refers to General Sleep Disturbance Scale (score range, 0-147, a score > 42 indicates poor sleeper); EPDS, Edinburgh Postnatal Depression Scale (score range 0-30, a score > 12 indicates at risk for postpartum depression); STAI State-Trait Anxiety Inventory, state subscale (score range, 20-80, a score 40-59 indicates moderate anxiety; a score ≥ 60, severe anxiety).
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were similar on baseline and demographic variables (Table 1) .
Outcomes
At 6 weeks postpartum, women in the sleep intervention group had more nighttime sleep (433 vs 376 minutes, group difference 57 minutes [95% confidence interval {CI}: 6-106 minutes], 2p = .03) and fewer rated their sleep as a problem (χ 2 = 4.82, 2p = 0.03). Infants in the sleep intervention group had fewer nighttime awakenings (7.9 vs 12.3, group difference 4.4 [95% CI: 1.4-7.6], 2p = .006) and longer maximum lengths of nighttime sleep (217 vs 171 minutes, group difference 46 minutes [95% CI: 5-88 minutes], 2p = .03). No statistically significant differences were found between groups on the other outcomes ( Table 2 and Table 3 ).
Adherence to and Acceptability of the Intervention and Data Collection
All women completed the assigned in-hospital intervention prior to discharge. Women in the sleep intervention group actively participated, sharing their sleep habits and considering how their baby would fit into these patterns. Ten women (67%) in the sleep intervention group received 4 or 5 phone calls, 3 women (20%) received 3 calls, and 2 women (13%) received 2 calls for support and problem solving prior to outcomes determination at 6 weeks. Thirteen women (87%) in the control group received 2 phone calls, and 2 women received 1 call to maintain rapport. All 30 women participated in the home visits at 6 weeks.
In cases in which actigraphy data were lost due to equipment failure (2 baby, 1 mother), sleep-diary data were substituted. Only 3 women (10%) had incomplete sleep diaries. Sleep outcome data were missing for 1 woman who did not record her sleep and for whom actigraphy data also were not available due to technical difficulties.
Women in the sleep intervention group used all of the strategies and found many of them helpful. Among all the participants, 20 women (67%) asked other mothers for advice on their infant's sleep, whereas only 6 (20%) asked a physician for information. Seventeen women (57%) consulted books, and 7 women referred to the Internet (23%) for information on sleep. There were no differences between groups in terms of use of other sources of sleep information. All but 1 woman indicated that they would participate in the study if they had to do it over again; this woman was assigned to the control group.
DISCUSSION
The sleep intervention in the TIPS pilot study was effective in promoting maternal and infant sleep in the early postpartum period, as evidenced by increased maternal nighttime sleep time and longer infant nighttime sleep periods with fewer infant nighttime awakenings. The clinical significance of the effects on maternal sleep is evidenced by fewer women in the sleep intervention group rating their sleep as a problem. This is the first randomized controlled trial to evaluate interventions to promote maternal sleep, and the first to find evidence of the effectiveness of such strategies.
Data from 4 previously conducted randomized controlled trials provide evidence of efficacy of strategies aimed at promotion of infant sleep in the early postpartum. [15] [16] [17] [18] The findings from the TIPS pilot study give similar evidence of the effectiveness of strategies aimed at understanding infant cues for sleep, promoting infant self-soothing, and entraining infants to day-night differentiation; our findings are strengthened by the use of actigraphy for the evaluation of sleep outcomes. Congruence between polysomnography and actigraphy indicates adequate validity and reliability when sleep is assessed in healthy young adults, including women of childbearing age, 33, 34 with 88% agreement between the two methodologies. Actigraphy has also been used successfully to study sleep-wake patterns in newborn and older infants 19, 35, 36 and has been shown to have an overall 95% minute-by-minute agreement with direct observation of infant sleep-wake states. 37 Previously conducted actigraphy studies have recommended 7 days of recording to determine night-to-night variability, but, with pregnant women and new parents, 48 hours during weekdays is commonly used to limit demands on already challenged families and to decrease systematic error from recording over weekends when sleep patterns change drastically for young adults. 26 A limitation of this pilot work is the use of 1 nurse to deliver both the experimental and control interventions. Although the study protocol strictly defined which information and strategies were to be provided to each group, it is possible that extra sleep information was given to the control group. However, if such contamination had occurred between groups, it would only be expected to dilute any difference between groups, not exaggerate it.
Other sources of sleep information used were equally distributed between the 2 groups, and the effects of co-intervention are therefore expected to be minimal. Usual care for postpartum women is to receive no additional information regarding maternal and infant sleep, either in the hospital or through contact with public health or primary care providers after discharge. Furthermore, health care professionals receive little content on sleep during their academic education. 38, 39 In Toronto, public health nurses do not receive any additional training in maternal and infant sleep; assessment is made primarily for excessive sleepiness in the infant, because this may compromise infant feeding, and inability to achieve any sleep in the mother, because this may indicate postpartum depression. The most readily available information for parents related to sleep, either from health care professionals, reading materials, or online information focuses not on promotion of maternal or infant sleep in the early postpartum, but on treating the older infant who should be sleeping through the entire night.
Women in the control group received less attention than women in the experimental group. However, there is no research evidence of links between attention given by health care professionals and improvements in maternal or infant sleep and no theoretical reason to suspect such a relationship. Furthermore, the primary and secondary sleep outcomes were measured objectively using actigraphy.
Because the sleep intervention contained numerous strategies aimed at promoting maternal and infant sleep and all women in the experimental group used most of the components of the intervention, we are unable to determine if certain strategies were more useful than others. Similarly, we don't know if the behavioral-educational session delivered to women while in the hospital was the more "active ingredient" of the intervention, if more benefit was derived from receiving follow-up phone calls and assistance with problem solving, or if the components had an additive effect. Because maternal and infant sleep in the early postpartum period are affected by a number of factors, it seems important to maintain multiple strategies in future sleep intervention studies.
Although the findings of the TIPS pilot study are encouraging, they are unlikely to change current practice, given the small homogeneous sample and wide confidence intervals around group differences. It will be essential to conduct a larger trial to detect differences on important outcomes such as maternal fatigue and depression, enroll women from diverse cultural and socioeconomic backgrounds, and examine outcomes at ages when infants are physiologically able to sleep for a longer uninterrupted period without a feeding.
